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(54) Abstract Title 

Determining a cost function from the actual resource impact of supporting a subscriber in a 
communications system 

(57) A resource Impact is determined which may be an interference increment in the system caused by 
supporting the communication of the given subscriber unit. Alternatively the resource impact can be 
dependent on the performance of the subscriber unit when communicating and/or a signal to noise level 
required for supporting the communication need of the subscriber. A relative resource impact is evaluated 
from the actual resource impact compared to a nominal resource impact. The nominal resource impact may be 
the resource impact of supporting a subscriber averaged over all propagation conditions and assuming a 
subscriber unit having a specified performance. A cost function is calculated from the relative resource impact 
and is used to modify a resource allocation, call admission or a billing parameter such as the cost of the call to 
the subscriber. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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\ ^347317 

A COMMUNICATION SYSTEM AND METHOD THEREFOR 



Field of the Invention 

This invention relates to a communication system and particularly to a CDMA cellular 
radio communication system and a method therefor. 



Background of the Invention 

10 

In a cellular communication system each of the subscriber units (typically mobile 
stations) communicates with typically a fixed base station. Communication from the 
subscriber unit to the base station is known as uplink and communication from the base 
station to the subscriber unit is known as downlink. The total coverage area of the 

1 5 system is divided into a number of separate cells, each predominantly covered by a 
single base station. The cells are typically geographically distinct with an overlapping 
coverage area with neighbouring cells. FIG. 1 illustrates a cellular communication 
system 100. In the system, a base station 101 communicates with a number of subscriber 
units 103 over radio channels 105. In the cellular system, the base station 101 covers 

20 users within a certain geographical area 107, whereas other geographical areas 109, 1 1 1 
are covered by other base stations 113, 115. 



As a subscriber unit moves from the coverage area of one cell to the coverage area of 
another cell, the communication link will change from being between the subscriber unit 
25 and the base station of the first cell, to being between the subscriber unit and the base 
station of the second cell. This is known as a handover. Specifically, some cells may lie 
completely within the coverage of other larger cells. 

AH base stations are interconnected by a fixed network. This fixed network comprises 
30 communication lines, switches, interfaces to other communication networks and various 
controllers required for operating the network. A call from a subscriber unit is routed 
through the fixed network to the destination specific for this call. If the call is between 
two subscriber units of the same communication system the call will be routed through 
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The quality of the radio communication between the subscriber unit and the base station 
is determined by the signal to noise level of the signals where the noise includes both 
thermal noise and interference noise. Other base stations and subscriber units generate 
interference, which increases the noise level and thus reduces the quality. In order to 
attain an acceptable quality level the interference must thus be kept sufficiently low. A 
major technique for interference reduction in CDMA system is use of power control 
whereby the transmitted power of each subscriber unit and base station is maintained at 
the minimum level required for the signal to be received at an acceptable quality. Uplink 
power control can be implemented by the base station measuring the received signal 
quality and transmitting power up information to the subscriber unit when the signal 
quality is below an acceptable level, and power down information when the signal 
quality is above this level. Similarly, downlink power control can be implemented by the 
subscriber unit transmitting power up or power down information depending on the 
signal quality of the signal received at the subscriber unit. 

As subscriber units share the same frequency spectrum in CDMA communication 
systems the radio communication between one subscriber unit and a base station will be 
interference to all other subscriber units using that frequency spectrum. As the number of 
subscriber units using the same spectrum increases the interference will increase until the 
radio communication of the individual subscriber unit cannot be reliably supported. The 
capacity of a CDMA communication system is thus heavily dependent on management 
of transmission power and interference levels. 

Various methods are known for controlling resource allocation in cellular CDMA 
communication systems. However, a significant disadvantage of these is that they tend 
to be based on predetermined characteristics of supporting a given communication need. 
A communication need is typically a need for a specific service such as a high data rate 
connection, a voice call or a packet access point. However, only considering the 
communication need or provided service leads to inefficient usage of the available 
resource. 




4 



10 



Summary of the Invention 
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According to a second aspect of the invention, there is provided a method of setting a 
characteristic of a communication system having at least one base station serving at least 
a first subscriber unit, the first subscriber unit having a communication need and the 
5 method comprising the steps of: evaluating a relative resource impact dependent on a 
resource impact of supporting said communication need of said subscriber unit relative 
to a nominal resource impact of supporting said communication need; determining a cost 
function in response to said relative resource impact; and setting a characteristic of the 
communication system in response to said cost function. 

10 

Typically, a given service will have an average resource impact, which in current 
communication systems is considered to only be dependent on the actual service. 
However, the inventors of the present invention have realised that the actual resource 
impact of supporting a given communication need varies significantly with the current 

1 5 characteristics of the communication systems. Accordingly, a cost function is derived in 
response to a relative resource impact and one or more characteristics of the 
communication system is set in response to this cost function. The cost function is 
typically not a monetary cost function although it may be related to a monetary cost. 
Rather the cost function is a general indication of the impact on the communication 

20 system of supporting the communication need of the subscriber unit. 

According to an embodiment of the current invention the resource impact of supporting 
the communication need at this present time, with the current propagation environment 
and using the specific subscriber unit and base station is evaluated. This is then 

25 considered in relation to a nominal resource impact, which is typical for supporting this 
communication need. The nominal resource impact can be pre determined from 
information of an average resource impact for the given communication need. For 
example, it may be known that supporting a speech service of a well performing 
subscriber unit located midway between the base station and cell boundary under normal 

30 propagation conditions will cause a certain interference level at the base station. This 
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Interference can thus be seen as a resource, which must be shared between users. 
Similarly, the signal to noise (including interference) ratio for one communication link 
can be increased by increasing the transmitted power. However, this increases the 
interference caused to other subscriber units thereby decreasing the signal to noise ratio 
5 for these subscriber units. The signal to noise ratio is thus also a resource which must be 
controlled between the users and thus is a suitable parameter for evaluating a resource 
impact. Other parameters include transmit power, spreading ratios of CDMA spreading 
codes,CDMA spreading codes, orthogonal variable spreading factor codes VSF and the 
number of soft-handover links, It will be apparent that many other parameters can be 
1 0 used for determining the resource impact in accordance with the present invention. 

The invention thus allows the communication system to modify characteristics by 
considering the actual resource impact of supporting a given communication need. This 
results in for example the possibility of having a much more flexible and efficient 
1 5 resource allocation/ 

Brief Description of the Drawings 

20 An embodiment of the present invention is described below, by way of example only, 
with reference to the Drawings, in which: 

FIG. 1 is an illustration of a cellular communication system according to prior ait; 

25 FIG. 2 is an illustration of a CDMA communication system to which the invention is 
applicable; 

FIG. 3 is an illustration of part of a communication system in accordance with an 
embodiment of the invention; 

30 
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by evaluating the resource impact of supporting the communication need of the 
subscriber unit and relating this to a nominal resource impact associated with supporting 
this communication need. The nominal resource impact can typically be an expected 
value of the resource impact obtained by previous calculations or simulations. 

5 

The means 209 for determining a relative resource impact are connected to means 211 
for calculating a cost function based on the relative resource impact. The cost function 
represents an indication of the cost to the network of supporting the communication need 
and will typically take other parameters into consideration. However, typically the cost 

1 0 function will indicate an increased cost for increased relative resource impact. The 
means 209 for determining a relative resource impact are connected to means 213 for 
setting a characteristic of the communication system. These means 213 
set one or more characteristics in response to the cost function. For example the resource 
allocation may be determined in response to the cost function. In the embodiment shown 

1 5 the means 2 1 3 for setting a characteristic of the communication system are operably 
coupled to the base station 203. 

It will be apparent, that the means 209 for evaluating a relative resource impact, the 
means 21 1 for determining a cost function and the means 213 for setting a characteristic 
20 of the communication system can be located in the base station, the fixed network or be 
distributed in the communication system including the subscriber units themselves. 

In operation the embodiment shown will thus first evaluate a relative resource impact by 
evaluating a relative resource impact dependent on a resource impact of supporting the 

25 communication need of the subscriber unit relative to a nominal resource impact of 
supporting said communication need. Subsequently, a cost function is determined in 
response to said relative resource impact; and finally a characteristic of the 
communication system is set in response to said cost function. This sequence can be 
repeated regularly, be carried out continually or can be carried out in response to other 

30 events such as an access request. Furthermore the order of the steps may be modified. 
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receives the signal and the signal comparator output is recovered by the receiver 309. 
The receiver 309 comprises means for controlling the variable power amplifier 305 and 
will increase the transmitted power of the subscriber unit when the signal quality at the 
signal quality comparator is below the signal quality requirement. Conversely if the 
5 signal quality is too high, the transmit power will be reduced. 

The embodiment of FIG. 3 is consistent with how power control is currently intended for 
UMTS. Hie signal quality loop is very fast and typically tracks variations in the 
propagation characteristics. The quality of service loop is slow and ensures that the 
10 average quality of service is sufficient. In UMTS the quality of service estimation will be 
determined on the basis of frame erasure rates whereas the signal quality estimation is 
based on signal level and bit error rates. 

In the present embodiment the signal quality requirement is transmitted to the base 
1 5 station 301 and used for determining a cost function. The base station 301 thus includes 
means 331 for determining a cost function in response to the signal quality. A subscriber 
unit having a specific service supported will typically reach a reasonably static condition 
where the variations in the signal quality requirement are relatively low. The signal 
quality requirement in this case is thus an indication of how much resource on average is 
20 required for supporting the communication need of the subscriber unit. The value will 

vary between different subscriber units even for identical services. Variations will be due 
to e.g. the performance of the mobile, the current propagation characteristics, the 
location of the mobile etc. The signal quality requirement thus directly reflects the 
system resource cost of supporting the given service for the given subscriber unit under 
25 the given conditions. The means 331 for determining a cost function will thus comprise 
means for comparing the signal quality requirement of the current link with a nominal 
expected signal quality requirement for the service provided. The result is used for 
determining the cost function which may also include other considerations. 

30 A billing structure for a communication system will typically have a cost related to a 
specific service. As described above Jhe actual resource used by a given service depend 
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communication need of the subscriber unit and is thus communicated to the controller, 
which calculates a cost function in response to this value. The controller is operable to 
control the call admission i.e. it is operable to terminate the service of the subscriber unit 
401 if the interference increment is too high or to flexible allocate resource depending on 
5 the interference increment. For example, if the interference increment is very high only a 
resource for a less demanding data service which only partially meets the 
communication need of the subscriber unit is allocated. Alternatively the controller is 
operable to modify the billing of the user according to the interference increment. 

1 0 It will be apparent that the same principle as described above for the downlink can be 
applied to the uplink. In this case, supporting a new subscriber unit will increase the 
downlink interference to other subscriber units. These will respond by requesting 
increased transmit power from the base station through the power control commands. 
The increment in transmitted power by the base station can thus be used as an indicator 

1 5 of the interference increment. Alternatively, the subscriber units can include means for 
measuring interference and the measurements can be transmitted back to the base 
stations and fixed network. 

According to a different embodiment the nominal resource impact is continually 
20 evaluated by measuring the performance of a subscriber unit using the same service. A 
statistical evaluation of the resource impact for supporting this service can be built up 
and used for comparing the resource impact of the current communication need. For 
example, a 64kbps service with a given bit error rate and delay may over time be 
requested by many subscriber units. The fixed network may obtain information of the 
25 required signal quality for supporting this service. Over time and average signal quality 
is thus determined and the variance of this can be determined. When a subscriber unit 
consequently uses the 64kbps service the current required signal quality will be 
compared to the distribution gathered and the cost function can be changed in 
accordance with how much the current signal quality requirement differs from the 
30 average. When building up information of the required signal quality other related 
services may provide information which can be included. For example, a different 
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The cost function can also consider many other aspects than the relative resource impact 
of supporting the communication need of the subscriber unit. These parameters included 
but are not limited to the following: 

5 a) The speed of the subscriber unit. 

As an example, the speed at which the subscriber unit is travelling will determine how 
fast the current propagation conditions change. The cost function can thus include this 
consideration so that an instantaneous high relative resource impact is not weighted 
heavily when the subscriber unit is fast moving as this resource impact is likely to 
1 0 change quickly. However, for a static subscriber unit the resource impact is more 

unlikely to change in the short term and the relative resource impact may be weighted 
higher in the calculation of the cost function. 

b) The communication need. 

1 5 The cost function is likely to include not only the relative resource impact but also the 
communication need and thus the service provided in itself. Depending on the 
communication need and the service, the computational requirements, the time of the 
service and many other system parameters may impact the cost of the system of 
providing this service. The cost function can also simply include the perceived value of 

20 the service or communication need regardless of whether this will require additional 
resource to meet. 

c) The location of the subscriber unit. 

The cost function can also consider the location of the subscriber unit. As an example, if 
25 the subscriber unit is close to the base station it will be easier to support the 

communication need and the cost function can reflect this. Alternatively, propagation 
characteristics may be known for different areas and when calculating the cost function 
knowledge of propagation conditions can be considered based on knowledge of which 
area the subscriber unit is located in. Alternatively, location of the subscriber unit can be 
30 included for purely commercial reasons where for example there is a commercial reason 
for supporting communication needs in a specific area. 
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very high whereas there are modified in favour of the best serving base station when the 
cost function indicates low cost impact. 
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7. A communication system as claimed in claim 1 wherein the relative resource 
impact is evaluated in response to propagation conditions between the subscriber unit 
and the at least one base station. 

5 

8. A communication system as claimed in any preceding claim wherein said cost 
function is also determined in response to a parameter chosen from the group of: 

a) the speed of the subscriber unit; 

b) the communication need; 

1 0 c) the location of the subscriber unit; and 
d) the base station transmit power level, 

9. A communication system as claimed in any preceding claim wherein the 
characteristic of the communication system is chosen from the group of 



15 a) 


a cost for supporting the communication need; 


b) 


a resource allocation; 


c) 


a call admission; 


d) 


a serving base station; 


e) 


a service; and 


20 f) 


handover parameters. 



10. A communication system as claimed in any preceding claim wherein the cost 
function is evaluated at call set-up. 

25 11. A communication system as claimed in any preceding claim wherein the 
communication system is a cellular radio communication system. 

12. A communication system as claimed in claim 1 1 wherein the communication 
system is a CDMA cellular communication system. 

30 
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